The relationship between different levels of n-6 and n-3 PUFA in chicken breast and thigh meat and sensory characteristics of meat was studied. Chickens were fed diets containing 1, 3, 5 or 7 percent of oil made of seeds either of the linseed cultivar Atalante (A) with a high content of α-linolenic acid or of the cultivar Lola (L) with a predominating content of linoleic acid. The meat of chickens fed L showed better sensory characteristics than the meat of birds fed A. If the tissue contained more than 180 mg/100 g of n-3 PUFA, i.e. the thigh meat when chickens were fed 3% or more A and the breast meat when chickens were fed 7% A, significant fishy odour and taste as well as slight oily aftertaste were recorded. Texture, tenderness and juiciness of breast meat did not differ significantly (P > 0.05) in groups fed different diets. Thigh meat in the group with 1% A was significantly (P < 0.05) more fibrous than in the group with 7% L; however, there were no differences in texture between the other groups. The thigh meat of chickens fed L was tenderer, juicier and tastier than the meat of those fed A. Tenderness and juiciness were the highest in the group fed 7% of L. There is only a limited possibility to increase the intake of n-3 PUFA without any risk of changes in sensory characteristics of meat. If the levels of α-linolenic acid in the diet were 6.5 and 31 g/kg and the n-6/n-3 PUFA ratios in the meat were 3.3:1 and 0.9:1, respectively, the sensory value of TM and BM was not significantly deteriorated.
The content of polyunsaturated fatty acids (PUFA) in poultry meat depends on their content in the diet to a great extent. Enrichment of poultry products with n-3 PUFA may provide an excellent alternative source of these acids in the human diet. In our experiment with feeding different levels of linseed oil made either of the flax cultivar with a high content of α-linolenic acid (LNA) or of the cultivar with a predominating content of linoleic acid (LA), the content of n-3 PUFA in breast meat (BM) and thigh meat (TM) ranged from 28 to 278 and from 69 to 724 mg/100 g of meat, respectively, while that of n-6 PUFA fluctuated from 141 to 498 and from 584 to 1 586 mg/100 g of BM and TM, respectively (Zelenka et al., 2008) . This indicates that by means of an inclusion of linseed oil with a high content of LNA in the diet it could be possible to produce poultry meat as a functional food containing high amounts of n-3 PUFA.
Unsaturated lipids readily undergo oxidation to produce peroxides and aldehydes. The oxidative stability of unsaturated lipids decreases as their degree of unsaturation increases. Poultry meat with an enhanced LNA content is more susceptible to oxidative damage than meat with a similar concentration of LA. The balance of volatile compounds resulting from an oxidative breakdown of n-3 PUFA causes the occurrence of fishy aroma and off-taste characteristic of the meat of poultry fed a higher level of n-3 PUFA (Rymer and Givens, 2005) .
Supported by the Ministry of Education, Youth and Sports of the Czech Republic (Project No. MSM 6215648905). Valavan et al. (2006) studied the effect of 1, 2 and 3 percent of linseed oil in broiler ration from day old chicks to 7 weeks of age. The inclusion of oil had no adverse effect on BM and TM quality in terms of sensory assessment (appearance, juiciness, flavour, tenderness and overall acceptability scores). Gonzales-Esquerra and Leeson (2000) found out that BM and TM aroma, taste, flavour, acceptability, aftertaste and off-flavour were not affected in birds given 100 g flaxseed per kg of the diet for 14 days prior to slaughter. In an experiment performed by Bou et al. (2005) , consumer acceptability of cooked TM did not show any significant differences when chickens were fed 1.25% of fish oil, linseed oil or animal fat in the last 5 days of fattening. López-Ferrer et al. (1999a) fed to chickens diets enriched with 8% soybean oil, sunflower oil or linseed oil during the whole growth period. Sensory parameters of BM and TM did not show any significant differences between treatments. In another experiment by López-Ferrer et al. (1999b) , the sensory properties of BM and TM of chickens fed 8.2% of fish oil were very poor. When fish oil was replaced by the same level of linseed oil for the last 2 weeks before slaughter, BM was scored by sensory panellists as acceptable and TM had a nearly typical chicken flavour. When López-Ferrer et al. (2001) fed to chickens 1% of fish oil, 3% of linseed oil and 4% of tallow for one or two weeks before slaughter, sensory panellists could not identify their TM as being different from the chickens fed a control diet with 8% of tallow.
When trying to produce meat as a functional food with an increased content of n-3 PUFA it is therefore necessary to find a balance between maximising the n-3 PUFA content in edible tissues and maintaining an acceptable taste of the final product.
MATERIAL AND METHODS

Materials and samples preparation
Details about chickens, experimental design, composition of diets, contents of fatty acids in meat, and dependence of fatty acid contents in meat on the level of LA and LNA in the diet were described by Zelenka et al. (2006 Zelenka et al. ( , 2008 and are briefly summarized below.
The experiment was performed with cockerels of Ross 308 hybrid combination. Birds were fattened from Day 25 of age to Day 40 on feed mixtures containing 1; 3; 5 or 7% of linseed oil made either of seeds of the cultivar Atalante (A) with a predominating content (612 g/kg) of LNA (A1; A3; A5; A7) or seeds of the cultivar Lola (L) with a predominating content (708 g/kg) of LA (L1; L3; L5; L7). Different oil supplements changed the contents of essential fatty acids in individual diets as well as PUFA contents and n-6/n-3 PUFA ratios in BM and TM (Table 1) .
For sensory analyses four chickens from each group were used. BM and TM without skin were separated from carcasses after cooling, put into freeze bags, chilled on ice until rigor shortening has passed (24 h) and frozen until the sensory analyses were carried out.
The frozen meat was allowed to thaw to an internal core temperature of 1°C. The BM and TM were individually wrapped in a double aluminium foil, placed on an oven-plate and roasted in an electric household oven at 200°C to the final core temperature of 85°C. The temperature was measured by inserting a digital thermometer into meat.
Sensory analysis
Sensory evaluation was performed by a trained internal sensory panel (Mendel University Brno, Czech Republic) consisting of ten persons. Sensory sessions were conducted in a test room (ISO 8589, 1988) with individual booths. Adapted flavour profile method and texture profile method (Meilgaard et al., 1991; Majou et al., 2001 ) were used to evaluate the sensory characteristics of samples. Panellists were familiarized with the sensory methodology and sensory attributes during the training sessions. Sensory attributes were selected from those previously reported in the literature (e.g. Poste et al., 1996; Nute, 1999; Gonzales-Esquerra and Leeson, 2000; Valavan et al., 2006) and confirmed during the initial training session.
The 100 mm unstructured line scales with two anchor points were used. The anchor points were placed 15 mm from each end on the scale and were labelled as follows: Odour: unpleasant -very pleasant; texture: finely fibrous -extremely fibrous; tenderness: very tough -very tender; juiciness: very dry -very juicy; total taste: unpleasant -typical chicken flavour; oily aftertaste: without oily aftertaste -very intensive oily aftertaste. In the case of any off-odour and/or off-flavour presence, panellists had to specify it. After heat treatment, each specimen was cut into ten pieces. This "sub-samples" were presented to the panel in a sequence ensuring that each panellist received the same part of the meat every time. All samples were labelled, randomised and served warm (40-50°C). The odour was evaluated immediately while flavour and texture attributes were evaluated after cutting the sample.
Between samples panellists were required to eat unflavoured bread and rinse their mouth thoroughly with drinking water to minimize the carry-over effect. Eight poultry samples, one chicken from each diet group, were assessed in one session. The sensory evaluation was carried out in four sessions.
Statistical analysis
The data from all the determinations were subjected to analysis of variance by means of the Statistical package STATISTICA, version 6.1 (StatSoft, Inc.) applicable for multifactorial experiments, and the comparison of means was performed by Tukey's test.
RESULTS AND DISCUSSION
Differences in basic production parameters, BM and TM percentages in live weight, and dry matter, ether extract and crude protein contents in meat between the groups receiving oil supplements with different levels of LA and LNA were insignificant (P > 0.05) (Zelenka et al., 2006) . The fatty acid pattern in the diet substantially influenced the n-6/n-3 PUFA ratio in meat (Zelenka et al., 2008) .
The panel mean scores for each attribute of sensory characteristics evaluated on a hundred point scale are listed in Table 2 .
The sensory evaluation of BM demonstrated that feeding 1-7% of oil prepared from both flax cultivars did not result in any significant differences in texture, tenderness and juiciness. In odour, there were no significant differences (P > 0.05) up to the content of n-3 PUFA 189 mg/100 g of meat. Only in the experimental variant with 7% of oil with a high content of LNA four panellists noticed a slight fishy odour in some specimens. The odour of breast fillet was highly significantly (P < 0.01) less agreeable and showed a slight oily aftertaste. However, the intensity of this oily aftertaste did not significantly (P > 0.05) differ from that of group L7. The typical flavour of chicken BM was noticed in L1 and L5, and a significantly worse (P < 0.05) taste was observed only in the meat of group A7, which contained 278 mg of n-3 PUFA per 100 g. Four panellists noticed a fishy flavour in a half of the tested chickens. Neither did Valavan et al. (2006) notice deteriorated sensory quality even when feeding 3% of linseed oil in broiler mixture. López-Ferrer et al. (1999b) considered BM of chickens fed 8.2% of linseed oil as acceptable.
Substantially greater differences were recorded when evaluating TM, which contained a much higher amount of n-3 PUFA. In accordance with Rymer and Givens (2005) with an increasing degree of unsaturation of dietary fatty acids there was a decrease in meat sensory properties and fishy aroma and oily aftertaste occurred. With the exception of group A1, in which 100 g TM contained 179 mg of n-3 PUFA, the meat of chickens fed A showed a less pleasant odour than the meat of those fed L. The panellists did not detect a fishy flavour even in the meat of chickens with a high level of L in the diet. The most unpleasant odour of meat was recorded in chickens of group A7 again. Three panellists noticed a mild but acceptable fishy odour in some specimens from group A3. In the meat of chickens fed 5 and 7% A this unpleasant odour was detected to be more distinct in 24 and 19 cases out of 40, respectively. No fishy taste was noticed only in chickens fed the lowest level of A. In chickens with 3, 5 and 7% of oil in the diet this fishy taste was noticed in 15, 19 and 22 out of 40 cases in total, respectively. In group A1, the meat texture was significantly (P < 0.05) more fibrous than in group L7, and there were no differences between the other groups. Feeding L reduced the toughness of meat and increased its juiciness. In all groups fed L, TM was tenderer, juicier and tastier than in those receiving A. The highest tenderness and juiciness were recorded in the group fed 7% of L. In comparison with the other groups, a significant oily aftertaste (P < 0.05) was noticed only in groups with 3, 5 and 7% of A.
Similarly to our results, Bou et al. (2005) did not detect the lower consumer acceptability of TM when feeding 1.25% of linseed oil. Neither did Gonzales-Esquerra and Leeson (2000) with the content of 14.5 g LNA in 1 kg of diet nor Valavan et al. (2006) means with different superscripts in the same tissue differ significantly P < 0.05 confirm the insignificant differences in sensory assessment of BM and TM reported by López-Ferrer et al. (1999a) , who fed 8% of linseed oil reach in LNA and the same level of soybean oil or sunflower oil with low levels of LNA. Also in another experiment by López-Ferrer et al. (1999b) , TM of chickens fed 8.2% linseed oil for the last 2 weeks before slaughter showed a nearly typical chicken flavour. Sensory panellists in an experiment performed by López-Ferrer et al. (2001) could not identify TM of chickens fed 1% of fish oil, 3% of linseed oil and 4% of tallow and of those fed the control diet with 8% of tallow.
If we want to increase the content of n-3 PUFA and to narrow the n-6/n-3 PUFA ratio by feeding linseed oil with a high level of LNA, from the aspect of taste and oily aftertaste only 1% of such oil should be used in the chicken diet, when TM contains n-3 PUFA 179 mg/100 g, a comparable amount with BM with the 5% level of dietary oil A. At these levels the n-6/n-3 PUFA ratios in BM and TM are equal to 0.9:1 and 3.3:1, so that such meat can be considered as functional food.
The exact requirement of LNA has not been determined reliably yet; only the requirement of LA is defined for the time being. The Committee on Animal Nutrition of the Czech Academy of Agricultural Sciences (Zelenka et al., 2007) recommended that feed mixtures for chickens from Day 25-29 of age till the end of fattening should contain 10 g of LA in 1 kg of feed. When maximising the content of LNA in meat, it is possible to use 6.5 g LNA per 1 kg of feed mixture and this can be reached by the inclusion of 1% of linseed oil reach in LNA. In such a case the n-6/n-3 PUFA ratio in the diet would be 1.5:1.
It can be concluded that it is suitable to use feeding oils with a high level of LNA if we prefer meat with favourable n-6/n-3 PUFA ratio. If we want to produce finely fibrous, juicy and tastier meat, it would be advantageous to include feeding fat with a high level of LA in the diet. For a favourable combination of desirable sensory characteristics with an advantageous level of n-3 PUFA it is advisable to combine both types of oil. In sensory assessment BM, which is preferred by the majority of the consumers, showed a significantly worse odour and overall taste, as well as a slight oily aftertaste only at levels of 278 mg of n-3 PUFA in 100 g of tissue.
